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In the evaluation of dietary proteins for their influence upon the 
regeneration of serum protein, it should be taken into consideration 
that the protein which is ingested must serve in two ways, namely, (a) 
in meeting the minimal requirement for nitrogen equilibrium of the 
entire organism and (b) in the formation of new serum protein.  Inas- 
much as proteins differ with respect to the amounts required for (a), 
it is obvious that preliminary determinations of the quantities needed 
for this purpose should be conducted before tests for function (b) are 
made.  If  (a)  is known, the evaluation with respect to  (b)  may be 
carried out by feeding the same absolute amounts of the test proteins 
as increments above  the quantities  required for  (a).  Theoretically 
the relative potencies of the various proteins for the regeneration of 
serum protein should then be evidenced solely by the effects obtained 
when the test increment quantities are fed.  Thus, the potency ratio 
in this study has been expressed as the ratio of the amount of serum 
protein per week removed by the bleedings above that regenerated by 
the  animal  when  eating  the basal  protein-free diet,  to  the  dietary 
protein increment, i.e.,  the amount above that required for nitrogen 
equilibrium. 
* This paper is a report of certain material contained in a dissertation presented 
by Daniel Melnick in partial fulfillment of the requirements for the degree of Doc- 
tor of Philosophy, Yale University, 1936.  A part of the expense of this investiga- 
tion was borne by a grant to George R. Cowgill from the Research Fund of the 
Yale University School  of Medicine. 
** Standard Brands Inc. Fellow, 1934-1936. 
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The determinations on normal dogs of the protein minima for nitro- 
gen equilibrium with serum protein, casein, lactaibumin and gliadin 
are described elsewhere (1).  The original purpose was to relate the 
average values yidded by these experiments to the data obtained with 
the  dogs subjected to  plasmapheresis.  Only  after  the preliminary 
nitrogen balance studies were completed was it learned that the protein 
minima are not exactly the same for different animals.  Therefore, 
it  was  deemed necessary  to  determine the minimum for  each  dog 
subjected  to  the  plasmapheresis  r6gime.  The  minimal  values  as 
determined on dogs 3 and 4 are given in Table I. 
TABLE  I 
Protein Minima for Nitrogen Equilibrium 
Dog No.  Protein  Calories from protein 
Serum protein 
Lactslbumin 
Casein 
Serum protein 
Lactalbumin 
Casein 
per cen~ 
9.1 
7.4 
9.1 
8.5 
6.65 
8.9 
Previously plasmapheresis  was performed on these dogs fed in both cases a 
serum protein diet in which the protein furnished 12.9 per cent of the total caloric 
intake.  Fortunately, this circumstance did not invalidate the final calculations 
of the potency ratio of serum protein because the "increment diet  ''1 contained far 
more than the minimum for each of the dogs, and appropriate calculations could 
be made to determine the actual increments available for serum protein regenera- 
tion.  Thus, dog 3 received in the diet a  protein increment amounting to 0.75 
gin. per kilo-unit; and dog 4, 0.87 gm. per kilo-unit.  Inasmuch as each dog is its 
own control, the other diets were constructed in such a manner that their protein 
increments, above that required for nitrogen equilibrium, were equal for the dif- 
ferent proteins.  Therefore, in the evaluation of serum protein, lactalbumin and 
casein, dog 3 received per week in every case an excess of 76 gm. of the protein 
above the nitrogen minimum level.  Dog 4 received 92 gm.  It would have been 
1 To  differentiate  the  protein  diets  administered  during  the  plasmapheresis 
experiments from those fed in the nitrogen balance studies, the expression incre- 
ment  diets  is  used.  In the  subsequent  discussion  the  expression  is  employed 
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desirable to have fed both animals  the same absolute increments of the proteins 
tested.  However, the absolute amounts administered are comparable and con- 
firmatory studies are significant.  The protein increments replaced isodynami- 
cally an equivalent part of sucrose in the diet so that, calorically  speaking,  the 
dogs ate the same amount of food.  In all cases the protein diets were fed daily 
at the maintenance level of 70 calories per kilo of body weight.  The weight of 
the animal, used in estimating the amount of food to be fed, was that calculated 
for the animal when in an  optimal nutritive condition with a  nutritive index 
value equal to 0.30  (2).  The vitamin  adjuvants were  not varied.  Thus the 
only variable in the diet, so far as known, was this protein increment.  Inasmuch 
as the nature of the protein in the increment and in the basal minimum diet was 
the same, no supplementary action to offset any amino acid deficiencies could take 
place.  These diets, constructed according to the kilo-unit plan (3), are given in 
Table II.  The values in the parentheses indicate the absolute amounts of pro- 
rein based on actual analyses for nitrogen, and were the amounts used in estimat- 
ing calories. 
The serum protein was isolated from beef serum (1);  the casein ~ and lactal- 
bumin  3 were commercial preparations.  The vitamin adjuvants and their mode 
of administration are described elsewhere  (4). 
The smallest amount of gliadin required for nitrogen equilibrium was 
determined as 21.1 per cent of the caloric intake.  Gliadin,  deficient 
in the essential amino acid lysine, would have been a splendid protein 
to  employ  in  the  study  of  serum  protein  regeneration.  Would  it 
promote any regeneration above that observed with the protein-free 
diet?  If it did, would the amino acid composition of the regenerated 
serum  protein  differ from  the  normal?  Such  an  experiment  would 
offer another means for testing Block's Anlctge theory (5), "the primary 
importance of the basic amino acids (as evidenced by the constancy of 
their  ratios)  in  the  genetic  and  embryological  development  of  the 
tissue protein as it exists in protoplasm. ''4 
However, due  to  the high level of gliadin  required  simply for the 
attainment of nitrogen equilibrium and due to the fact that unexpected 
toxic  reactions  were  manifested  during  the  feeding  of high  gliadin 
diets  (1), no attempt was made  to assay this protein for its value in 
promoting  serum  protein  regeneration.  Furthermore,  the  globin 
variable--the slow but continuous break-down of the injected erythro- 
2 Obtained from the Lister Bros., New York. 
3 Obtained from the National Milk Sugar Co., Bainbridge,  New York. 
4 The material in parentheses has been inserted by us. TABLE  II 
Protein Diets* Used in the Present Study Based on the Kilo-Unit Plan 
Increment diet 
(Recipient)  , 
! 
Serum  protein] 
(dog  3  and  i 
dog 4) 
Total. 
Lactalbumin 
(dog 3) 
Calories 
Foodstuff  Amount  Composition 
Abso-  Per 
lute  cent 
gm.  pet ceni 
i 
Serum protein  3.36  10.3  I2.9  20:00 
(76.4%;  12.20% N)  (2.57)  (15.30) 
Lard  3.79  34.1  42.6  22.62 
Sucrose  8.90  35.6  44.5  53.20 
Bone ash  0.40  --  --  2.39 
]  Salt mixture (22)  0.30  --  --  1.79 
16.75  80.0  100.0  100.00 
Lactalbumin  2.94  8.9  11.1  17.60 
(76.0%; 11.68% N)  (2.23)  (13.40) 
Lard  3.77  34.0  42.5  22.60 
Sucrose  9.27  37.1  46.4  55.60 
Bone ash  0.40  --  --  2.40 
Salt mixture  0.30  --  --  1.80 
i16.68  80.0  100.0  100.00 
Lactalbumin  2.89  8.8  11.0  17.36 
(76.0%; 11.68% N)  (2.20)  (13.20) 
i  Lard  3.77  34.0  42.5  22.64 
[  Sucrose  9.30  37.2  46.5  55.80 
[  Bone ash  0,40  --  --  2.40 
i  Salt mixture  0,30  --  --  1.80 
16.66  80.0  100.0  100.00 
I 
]  Casein  3.05  10.3  12.9  18.55 
,  (84.1%; 13.37% N)  (2.57)  (15.60) 
Lard  3.77  34.0  42.5  22.90 
Sucrose  8.93  35.7  44.6  54.30 
Bone ash  0.40  --  --  2.43 
Salt mixture  0.30  --  --  1.82 
16.45  80.0  100.0  100.00 
Casein  3.15  10.6  13.3  19.10 
(84.1%;  13.37% N)  (2.65)  (16.08) 
Lard  3.77  34.0  42.5  22.88 
Sucrose  8.85  35,4  44.2  53.77 
Bone ash  0.40  --  --  2.43 
Salt mixture  0.30  --  --  1.82 
16.47  '80.0  100.0  100.00 
Total. 
Lactalbumin 
(dog 4) 
Total. 
2asein  (dog  3) 
Total. 
2asein  (dog  4) 
Total. 
Calorie,, 
per 
gram 
of diet 
4.77 
4.80 
4.81 
4.87 
4.86 
* Vitamin adjuvants are described elsewhere (4). 
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cytes, liberating globin which is as completely metabolized as dietary 
protein--associated with the technique of plasmapheresis would surely 
exert  a  supplementary  effect  erasing  the  amino  acid  deficiency in 
gliadin.  Until  this  globin  variable  and  the  toxicity of high  gliadin 
diets are eliminated, it would be theoretically and practically impos- 
sible to assay gliadin properly for the regeneration of serum protein. 
For  the  biological  assay  of  the  proteins  used  in  this  study,  the 
standardized  plasmapheresis  technique  described in  detail  elsewhere 
(6,  4)  was  used.  The object of this paper is  to present  the  results 
obtained  with  serum  protein,  lactalbumin  and  casein  together  with 
some observations on the effect of the catabolism of tissue protein on 
the  formation  of new  serum  protein.  The  results  are  expressed  in 
terms of a potency ratio defined above and based upon the fundamental 
concepts set forth in the first part of this paper. 
The Biological Assay of Serum Protein 
In the case of dog 3, it was intended to feed the increment diet immediately 
subsequent to the completion of the study with the serum protein diet, furnish- 
ing 8.5 per cent of the caloric intake in the form of the protein (4).  Incompati- 
bilities (7) which developed between the sera of the recipients and the cells of the 
donors necessitated a discontinuance of the study until satisfactory donors could 
be obtained.  During this interval of 3 weeks, the dog subsisted  on  the  basal 
protein-free diet (4) in order to prevent the accumulation of reserve serum protein 
stores. 
When the study was resumed, dog 3 was fed the protein-free diet (period VII) 
and subjected to plasmapheresis  to reduce the serum protein concentration to 
the basal level (3.5 to 4.2 per cent) and to deplete the organism  of its reserve 
stores.  Only three bleedings,  resulting in the removal of 16.1 gm. of serum pro- 
tein, were required to accomplish this.  Evidently the protein-free dietary r~gime 
inhibited to a considerable  extent the formation of new serum protein.  Indeed, 
10 days were required before this dog, subsisting  on the serum protein increment 
diet, evidenced a constant and maximal response to the dietary stimulus.  During 
this adjustment period VIII,  it was necessary to withdraw 33.3 gm.  of serum 
protein in the bleedings  in order to maintain the basal level constant.  In the 
subsequent period IX, the equilibrium week, 53.3 gin. of the blood protein were 
removed by plasmapheresis. 
The serum protein increment diet was  fed to dog 4  immediately after the 
study with the protein diet fed at that level normally adequate for the attainment 
of nitrogen equilibrium (4).  Inasmuch as this increment protein was identical 
with the dietary protein just tested, it was not essential to deplete the animal of 
any carry over from the previous experimental period.  During the adjustment TABLE  III 
The  Biological  Assay  o/Serum  Protein for  Its  Value  in  Promoting  the 
Regeneration  of Serum  Protein 
Dog No ........................................  3  4 
Weight with nutritive index 0.30 ...............  1630 kg.  17.30  kg. 
Diet ...........................................  Serum protein increment  Serum protein increment 
Period .........................................  IX  X 
Adjustment  EqunibHum 
Daily intake of diet* per kg., calories ..... 
Average weight of dog, kg  .............. 
Blood volume, cc  ...................... 
Plasma volume, cc  .................... 
Average hematocrit, per cent ........... 
Average  serum  protein  concentration,~ 
Total bleeding,  cc  ..................... 
Cell exchange 
Bled, ce  ............................ 
Injected, cc  ........................ 
Citrated plasma 
Citrate, cc  ......................... 
Plasma, cc  ......................... 
Serumproteinconcentration,~ per cent. 
Serum protein removed per week, gm ..... 
VIII  IX 
A~ustment  Eq~Ubfium 
70  70 
16.70  16.92 
1105  1242 
649  729 
39.2  36.9 
4.20  4.75 
1384  1997 
538  735 
657  902 
153  224 
847  1262 
3.93  4.22 
38.8  53.3 
70 
17.28 
1330 
740 
35.4 
4.82 
2162 
762 
1098 
240 
1400 
4.18 
58 .~ 
70 
17.35 
1372 
823 
37.2 
4.94 
2454 
919 
1183 
275 
1535 
4.46 
68.5 
* The vitamin adjuvants furnished in addition 1.5  calories per kilo of body 
weight. 
J" These values were obtained by the nephelometric method  as prerequisites 
for determining daily the size of the hemorrhages (6).  The serum protein con- 
centrations were averaged regardless of whether or not a plasmapheresis was con- 
ducted that day. 
:~ An attempt (4)  was made to account for the smaller serum protein concen- 
trations in the pooled plasma aliquots as compared with the weighted average 
results obtained previous to the hemorrhages.  The immediate entrance of tissue 
fluid into the circulation during the actual bleeding is responsible in part for the 
discrepancies noted.  However,  some  other  undetermined  factor  must  play a 
rSle in causing the dilution of the plasma. 
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period IX, quantitative plasmapheresis resulted in the removal of 58.5 gin.  of 
serum protein; during the equilibrium week, period X, 68.5 gin.  were  removed 
in the bleedings.  The details of plasmapheresis and the nutritive histories of the 
dogs for the serum protein adjustment and  equilibrium periods are summarized 
in Table III. 
The Potency Ratio  of Serum Protein.- 
In the case of dog 3, 186 gin. of serum protein per week were essential to main- 
rain a nitrogen balance.  When 262 gin. (increment  =  76 gin.)  of protein were 
fed,  53.3 gin.  of serum protein had to be removed in the bleedings per week in 
order  to keep the  concentration at  the basal level.  Inasmuch as  13.4 grn.  of 
serum protein were regenerated on the basal  high caloric  protein-free diet  (4), 
then 39.9 gin. must have been due to the dietary protein.  However, of the diet- 
ary protein, 186 gin. must have been used to satisfy nitrogen equilibrium.  There- 
39.9 
fore, --~  =  0.53, the potency ratio; i.e., 53 per cent of the serum protein is utilized 
to form new serum protein.  In the case of dog 4, where the minimum for nitrogen 
equilibrium proved to be 180 gin.  the potency ratio calculates as: 
68.5 -  9.6 
--  =  0.64. 
92 
It  is  recognized  that  the  above  scheme  may  be  criticized  on  the 
ground  that the metabolism of these dogs is assumed to be the same 
during  the  evaluation  of  the  protein  minimum  and  during  plasma- 
pheresis.  All that can be said in answer to this is that these animals 
throughout  both  studies  were  in  an  optimal  nutritive  state,  were 
exposed to the same environmental conditions  and were subjected to 
comparable feeding schedules. 
The Biological Assay of Lactalbumin 
During the 1st week the dogs subsisted on the protein-free diet and were sub- 
jected to plasmapheresis by which  one-fourth of. the blood volume was removed 
daily.  During the subsequent week the frequency and the amount of the bleed- 
hags were determined by the daily level of the serum protein concentration.  This 
was regarded as an equilibrium period and the values obtained were averaged with 
the other basal outputs for these experimental conditions (4).  During the sub- 
sequent 2 weeks the lactalbumin increment diets were fed; the first week was re- 
garded merely as the adjustment period; the subsequent week furnished the data 
used in the calculation of the potency ratios. 
In the bleedings of the initial depletion week, a total of 43.5 and 49.1 gin.  of 
serum protein were removed from dogs 3 and 4 respectively.  The basal outputs 
in the following weeks were 11.2 and 4.4 gin. respectively.  When subsisting on 904  DIET  AND  REGENERATION  OF  SERUM PROTEIN.  II 
TABLE  IV 
The Biological Assay of Lactalbumin for Its Value in Promoting the 
Regeneration of Serum Protein 
Dog  No. 
Neight with nutritive ] 
index 0.30...  16.70 kg. 
Diet ....  Protein-free  Lactalbumin 
increment 
17.30 kg. 
Protein-free  Lact  albumin 
increment 
Period.  XII  XIII  XIV  XV  XI  XII  XIII  XIV 
Depletion  Equilib-  Adjust-  Equilib-  Depletion!E~uilib  -  Adjust-  Equilib- 
rium  ment  rium  rluln  ment  rium 
.~verage daily in- 
take  of  diet* 
per  kg.,  cal- 
ories.  101  71  70  70  94  70  70  70 
Kverageweightof 
dog, kg  ........ ]  17.03  17.37  17.10  17.49 
Blood volume, cc.. ]1315  1212  1125  1166 
17.77  17,82  17.64  18.0C 
1305  1140  l140t  1250 
Plasma  volume, 
cc..  725  770  671  690  735  690  690t  775 
~verage hemato- 
crit, percent...  42.3  39.8  41.0  38.6  45.4  43.6  41,7  38.5 
4.665  3.97  4.53  4.70  5.11§  3.78  4.55  4.56 
~verage  serum 
protein  con- 
centration,* 
per cent .......  I 
rotal  bleeding, 
co..  .[1721  451  1319  1572  1956  188  1403  1526 
CeU exchange 
Bled, cc..  .[  743  179  540  606  907  82  586  589 
Injected, cc  .... ]831  323  541  818  895  315  591  777 
* The same qualifying statements, added as footnotes to Table III, apply also 
to this table. 
The blood volume for this period was not determined; the value obtained 
during the previous week was employed in calculating the size of the bleedlngs 
conducted during period XIII. 
Serum protein concentration reduced from 6.20 to 3.43 per cent. 
§ Serum protein concentration reduced from 6.95 to 3.38 per cent. D.  MELNICK~ G.  R.  COWGILL~ AND  E.  BURACK 
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Dog  No .....  3 
Weight with nutritive 
index 0.30  ..........  16.70 kg.  17.301~. 
Diet  .........  Protein-free  Lactalbumin  Protein-free  Lactalbumln 
increment  increment 
Period ..... 
Citrated plasma 
Citrate, cc  ..... 
Plasma, ec  .... 
Serum protein 
concentra- 
tion,*  per 
cent. 
Serum protein re- 
moved  per 
week, gm  ...... 
XII  XIII 
]Depletion  Eq.uillb- 
rlu~1 
194  50 
978  272 
4.44  4.14 
43.5  11.2 
XIV  XV 
Adjust-  ] Eq.uilib- 
ment  rlum 
146  175 
778  964 
4.32  4.42 
.6  42.6 
XI  XII 
Depletion  Eq.uilib- 
l"lUin 
216  21 
1049  105 
4.68  4.16 
49  .I  4.4 
XIII  XIV 
Adjust-  F.,q.uilib- 
ment  rlum 
156  171 
817  937 
4.28  4.3~ 
85.0  41  .I 
the lactalbumin increment diet, dog 3 was able to regenerate 33.6 gm. of serum 
protein during the adjustment period and 42.6 gin. during the equilibrium week; 
for dog 4 the corresponding values are 35.0 and 41.1 gm.  The details of plasma- 
pheresis and the nutritive histories of the dogs for these experiments are summar- 
ized in Table IV.  In order to give the reader some idea of the data yielded during 
the previous protein-free r~gime, these periods have also been included in Table 
IV. 
The  Potency  Ratio  of Lactalbumin.--The  method for calculating the 
potency ratio of lactalbumin is exactly the same as that employed in 
the  case  of  serum  protein.  From  the  detailed  calculations  given 
below, it is evident that the results yielded by the two animals are in 
good agreement, the values being 0.38 and 0.34, respectively. 
Dog 3. 
76 gm. lactalbumin  -- increment above the minimum for nitrogen equilibrium 
of 152 gln. 
42.6 gin. serum protein were regenerated during the equilibrium week. 
13.4 gin. serum protein  =  average basal output on the protein-free diet (4). 
Therefore, 
42.6  -  13.4  76  -  0.38, potency ratio of lactalbumin. 906  DIET  AND  REGENERATION  OF  SERUM PROTEIN.  II 
TABLE  V 
The Biological  Assay of Casein for Its Value in Promoting the Regenera- 
tion of Serum Protein 
Dog No. 
Weight with nutritive 
index 0.30  ....  16.70 kg, 
Diet..  Protein-free  Casein 
increment 
17.30  kg. 
Protein-free  Casein 
increment 
Period .... 
Daily  intake  of 
diet*  per  kg., 
calories. 
XVI  XVII 
Depletion ] Eq.uilib- 
rmm 
9or  9or 
&verage weight of 
dog, kg.  17.46  17.59 
Blood volume, cc.. 1260  1128 
i 
Plasma  volume,  [ 
co..  690  i697 
A_verage  hema- 
tocrit,  per 
cent  ...........  41.4  41.8 
~verage  serum 
protein  con- 
centration,* 
per cent. 
XVIII  XIX  XV  XVI  XVII  XVIII 
Adjust-  Equilib-  Depletion  Eq.uilib-  Adjust-  Eq.uUib- 
ment  rium  rlRm  ment  hum 
70  70  90t  90t  70  70 
17.89  18.15  18.29  18.10! 18.24  18.4~ 
1143  1290  1335  1250  1250  1426 
643  761  705  777  735  828 
39.9  39.4  41.9  39.9  42.4  40.4 
4.40~  4.03  4.39  4.61  4.65§  3.8C  4.20  4.4~ 
total  bleeding, 
cc  ....  1333  641  1310  1870  1491  432  913  1969 
* The same qualifying statements, added as footnotes to Table III, apply also 
to this table. 
t Since both  dogs  exhibited a  decided  tendency to  gain in weight,  the  ad 
libitum consumption of the protein-free diet was discontinued, the ration being 
fed instead at a 90 calorie per kilo level.  This slight modification in the prelimi- 
nary feeding periods does not introduce any error, because the protein-free diet 
was still fed at the high caloric level of approximately 30 per cent above that 
essential for maintenance. 
:~ Serum protein concentration reduced from 5.84  to 3.25  per cent. 
§ Serum protein concentration reduced from 6.12 to 3.49 per cent. D.  MELNICK,  G.  R.  COWGILL~ AND  E.  BURACK 
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Dog No ............. 
Weight with nutritive 
index 0.30  ......... 
Diet ................ 
Period .............. 
Cell exchange 
Bled, cc ........ 
Injected, cc  ..... 
Citrated plasma 
Citrate,  cc  ...... 
Plasma, cc  ..... 
Serum  protein 
concentra- 
tion,*  per 
cent ........ 
Serum protein re- 
moved  per 
week, gm  ....... 
16.70 kg. 
Protein-free 
xvI  ~:VlI  ~VlII 
epletion  rqUiu~Hb  ~djust- 
•  '  "  -  meut 
59  67  [ 
i58  36  I 
48  70  i 
'74  74  i 
4.33  4.20 
33.5  15.7 
Casein 
increment 
;15 
i06 
146 
~95 
4.2, 
XlX 
q.uilib- 
rnun 
36 
191 
109 
34 
4.1~ 
47.4 
17.,30 kg. 
Protein-free  Casein 
increment 
xv 
epletion 
29 
53 
65 
62 
tuilib- 
"lmn 
69 
66 
48 
63 
3.81 
10.0 
KVII 
djust- 
ment 
85 
:72 
02 
;28 
4.14 
21.9  33.7 
4.41 
38.0 
XVIII 
Equilib- 
rium 
793 
855 
219 
1176 
4.14 
48.6 
Dog 4 
92  gin. lactalbumin =  increment above the minimum  for nitrogen equilibrium 
of 141 gin. 
41.1 gin. serum protein were regenerated during the equilibrium week. 
9.6 gm. serum protein =  average basal output on the protein-free diet (4). 
Therefore, 
41.1  -  9.6 
92  =  0.34, potency ratio of lactalbumin. 
The  Biological  Assay  of Casein 
In the bleedings of the initial week a total of 33.5 and 38.0 gm. of serum protein 
were removed from dogs 3 and 4 respectively.  The basal outputs in the following 
weeks were 15.7 gin. for dog 3 and 10.0 gm. for dog 4.  When subsisting on the 
casein increment diet, dog 3 was able to regenerate during the adjustment period 
XVlII 33.7 gin. and during the equilibrium  period XlX 47.4 gm. of serum protein. 
For  dog  4  the  comparable  values were  21.9  and 48.6  gin. respectively.  The 
nutritive histories of the dogs during this phase of the investigation  and the details 
of plasmapheresis are summarized in Table V. 908  DIET AND REGENERATION OF SERUM PROTEIN.  II 
The Potency Ratio of Casein.--Detailed calculations of the potency 
ratios are given below.  The results yielded by the two dogs indicate 
good agreement; the values are 0.45 and 0.42, respectively. 
Dog 3. 
76 gm. casein  =  increment above the minimum for nitrogen equilibrium of 186 
gm. 
47.4 gm. serum protein were regenerated during the equilibrium week. 
13.4 gm. serum protein  --  average basal output on the protein-free diet (4). 
Therefore, 
47.4  -  13.4 
76  ~  0.45, potency ratio of casein. 
Dog 4. 
92 gin. casein  =  increment above the minimum for nitrogen equilibrium of 189 
gm. 
48.6 gin. serum protein were regenerated during the equilibrium week. 
9.6 gin. serum protein =  average basal output on the protein-free diet (4). 
Therefore, 
48.6  -  9.6  _  0.42, potency ratio of casein. 
92 
Effect  of  Tissue  Protein  Catabolism  on  Serum  Protein  Regeneration 
Whipple and collaborators (8) have reported that 10 to 14 days are 
required for the fasting dog subjected to preliminary plasmapheresis 
to  attain  a  normal  serum  protein  level.  Weech  and  associates  (9) 
have reported a similar observation on a dog rendered hypoproteinemic 
by prolonged  consumption  of  a  low protein  diet.  Evidently tissue 
protein catabolism  during fasting was  instrumental  in supplying the 
components essential for serum protein regeneration.  Our experiment 
confirms this hypothesis. 
Dog 5, a female collie, was fed the stock casein diet (2) until an optimal nutri- 
tive condition was attained, as evidenced by the maintenance of a satisfactory 
nutritive index (2).  The basal protein-free diet was then administered ad libitum, 
with the animal subjected to plasmapheresis  for the 1st week to deplete the body 
of potential serum protein stores and to reduce the serum protein concentration 
to the basal level.  Plasmapheresis  was then discontinued and the serum protein 
levels were determined daily in duplicate (I0).  The animal ate the basal diet in 
excess of its caloric requirement for the first 3 weeks.  Subsequent refusals to eat 
the food voluntarily necessitated forced feeding.  The quantities, thus adminis- 
tered, furnished each day 70 calories per kilo of body weight.  Mter 2½ weeks of 
this procedure, because the animal vomited repeatedly, it was impossible to secure D. 3~ELNICK,  G. R. COWGILL~  AND  E.  BURACK  909 
retention of the food administered.  The dog was allowed to fast for the remaining 
experimental period.  The nutritive history of the dog is summarized in Table VI. 
In order to have a nutritive index of 0.30 the animal should weigh 11.0 kilos. 
An average of the serum protein concentrations of the dog determined on 3 
consecutive days, before the initial plasmapheresis was begun, was taken as the 
normal value and  proved to be  6.75  per cent.  By bleeding one-fourth of the 
animal's blood volume and feeding the protein-free diet, the serum protein concen- 
tration was reduced to the basal level of approximately 4.0 per cent within the 1st 
week (see Chart 1).  With no subsequent plasmapheresis there was an immediate 
regeneration within the first 7 days to a maximum level of 5.16 per cent.  For the 
next  13  days the serum protein level fluctuated near this value.  Thereafter a 
drop occurred so that the concentration varied between 4.62 and 3.98 per cent. 
TABLE  VI 
Nutritive History of Dog 5 
Period  Duration  Daily intake of protein-  Average  weight 
free diet* per kg. 
days 
8 
7 
7 
5 
18 
18 
calories 
91 
72 
84 
37 
70 
0 
kg. 
10.90 
10.67 
10.56 
10.31 
10.25 
9.21 
(Final, 8.50) 
* The vitamin adjuvants (4) yielded in addition 1.5 calories per kilo of body 
weight. 
When the animal was allowed to fast for 18 days, it was noted that after an initial 
delay a progressive regeneration of serum protein took place.  The final value of 
6.19 per cent, the average of those for the last 3 days, was for this dog somewhat 
below the normal of 5.75 per cent, determined 2 months previously.  This increase 
in serum protein concentration was actually due to regeneration of the blood pro- 
tein  and  not  to  hemoconcentration, as evidenced by relative plasma  volumes. 
Chart 1 illustrates graphically the results of this study. 
With dogs 3 and 4  there was observed a  decided ability to regenerate serum 
protein during the feeding of the basal protein-free diet.  However, in these ani- 
mals the stimulus for regeneration was more intense inasmuch as the serum protein 
concentrations in these dogs were maintained at the basal level of from 3.5 to 4.2 
per cent by calculated bleedings.  Dog 5 also showed a similar marked tendency 
to regenerate above the basal level but, as the serum protein concentration rose, 910  DIET  AND  REGENERATION  O1  ~'  SERU~f  PROTEIN.  II 
the intensity of the stimulus for the formation of new serum protein decreased 
rapidly until at the 5.0 per cent level it was no longer manifest.  This experiment 
emphasizes the importance of keeping the basal serum protein level as constant as 
possible when conducting a quantitative assay of dietary proteins by the technique 
of plasmapheresis. 
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CHART  1. The  influence  of  tissue  protein  catabolism  upon  serum  protein 
regeneration. 
, week of plasmapheresis. 
Symbol  Blood volume  Plasma volume 
A 
B 
C 
D 
E 
¢.C. 
850 
776 
760 
768 
747 
390 
435 
395 
420 
375 
This study also confirms the hypothesis of Maver (11)  and Bloom- 
field (12) that, in addition to a low protein diet, certain other variables 
operate in order to produce a nutritional edema. 
The  dormancy  of  the  serum  protein  regenerating  mechanism  is 
manifest in this investigation.  Thus, an animal subjected to plasma- 
pheresis in order to deplete its serum protein concentration to the basal D.  MELNICK~  G.  R.  COWGILL~  AND  E.  BURACK  911 
level and fed the protein-free diet for as long as 45 days can still utilize 
tissue protein catabolites for the regeneration of serum protein. 
DISCUSSION  AND  CONCLUSIONS 
The potency ratios for serum protein, lactalbumin and casein are 
summarized in Table VII. 
The degree of exactness of these ratio figures is somewhat uncertain 
because of inability to control satisfactorily the globin variable, which 
is described elsewhere (4).  In view of this consideration these ratios 
do  not  express  solely  the  effect of  dietary  protein;  they probably 
include also the beneficial effects of any metabolized globin which was 
liberated from the cells laked in viva.  In the study with dog 4  the 
value of 0.64 was obtained for serum protein.  This apparently high 
value is not inconsistent with the other ratios recorded.  It is believed 
TABLE  VII 
Regeneration of Serum Protein in Dogs Fed Artificial Synthetic Diets 
Dog No. 
Regenerated while 
on basal proteln-free 
diet, per week 
gm. 
13.4 
9.6 
Serum proteln 
O. 53 
0.64 
Potency ratio 
LactalbuwAn 
0.38 
0.34 
Casein 
0.45 
0.42 
to be related to the fact that during the feeding of this protein diet 
considerable hemolysis occurred, as a  result of which it is estimated 
that  dog  4  received  in  addition  to  dietary  protein  approximately 
100 gm. of hemoglobin more than dog 3 during the comparable assays. 
If it is assumed that the true ratio value for serum protein in dog 4 
has the same relation to that for dog 3 as do the values for the other 
proteins, then a value of 0.49 instead of 0.64 is obtained.  The extent 
of hemolysis in viva  during the other protein assays in both animals 
was  fairly  comparable,  judging  from  the  cell  exchanges,  so  that, 
with the value for serum protein taken as 100, the relative values of 
lactalbumin and casein are about 70 and 85 respectively. 
The above ratings may be further questioned on the ground that 
no corrections can be made for the supplementary effects of the globin 
variable.  In all cases the protein diets on which the dogs subsisted 912  DIET  AND  REGENERATION  OF  SERIY~  PROTEIN.  II 
when subjected to plasmapheresis contained the same absolute incre- 
ments of protein above the minimum for nitrogen equilibrium.  In 
other words, the dietary basal level was the minimal amount of the 
protein essential for the attainment of nitrogen equilibrium, and this 
varied for each of the proteins and for each of the dogs; it was the 
increment above  this  minimum which was  kept  constant.  In  the 
determination of the minimal amounts, the globin variable was not 
present, and those results are therefore valid.  However, the supple- 
mentary effects of any metabolized globin, liberated from the red cell 
destruction in vivo, would probably compensate for  the amino acid 
deficiencies thought to be responsible for the different values observed 
as  the minima for  nitrogen equilibrium.  Thus,  casein plus globin 
may be as adequate as lactalbumin plus globin for the general nitrogen 
requirements.  Inasmuch as the animals received a  total amount of 
casein greater than that of lactalbumin, a  greater aliquot may have 
been available for the regeneration of serum protein.  This may be a 
factor responsible for the superiority of casein to lactalbumin in pro- 
moting the regeneration of the blood protein. 
In view of these criticisms of the values obtained in  the present 
study, the results can hardly be considered as ideally quantitative. 
The  findings  do  indicate,  however,  that  serum  protein  is  slightly 
superior to the others in promoting the regeneration of serum protein. 
Even  granting  that  these  data  are  subjected  to  error  for  reasons 
already given, the potency ratios are comparable and not widely diver- 
gent as those reported by others (13-15).  With respect to the pro- 
teins deficient in any of the essential amino acids, determinations of 
their efficiency in  promoting the regeneration of the blood protein 
have not as yet been attempted.  It is obvious that in such a study, 
as well as in those already conducted with serum protein, lactalbumin 
and casein, the supplementary action of the globin variable is the most 
important factor tending to complicate and to invalidate somewhat 
the results.  With regard to the clinical application of the results of 
this investigation, these findings suggest that all diets employed for 
alleviating conditions of hypoproteinemia and containing proteins in 
amounts appreciably more than sufficient for the attainment of nitro- 
gen  equilibrium in  that  individual, are  probably  of  approximately 
equal therapeutic value.  Certainly with respect to the proteins here D.  MELNICK, G.  R.  ¢OWGILL,  AND  E.  BURACK  913 
tested, the potency ratios are not so widely different as to warrant the 
administration of  any  one protein  in preference to  another.  This 
conclusion is supported by the observations of Keutmann and Bas- 
sett (16), who applied the findings of Whipple and associates in feeding 
three patients with degenerative Bright's disease.  No really distinct, 
significant differences were detected in the effect of the protein supple- 
ments tested.  A high protein diet and a basal diet supplemented with 
egg white, liver protein, serum protein and lactalbumin promoted a 
disappearance of edema and deposition of body protein; however, the 
plasma protein level was unaffected. 
The three complete proteins, serum protein, lactalbumin and casein, 
are approximately equal with respect to their value in meeting the 
requirements of  nitrogen  equilibrium.  Likewise, they  are  of  com- 
parable value in promoting the regeneration of serum protein.  In both 
functions a  preliminary adjustment period of approximately 4  to  5 
days is essential before equilibrium values are obtained.  Feeding dogs 
subjected to plasmapheresis a  protein diet at  the level minimal for 
nitrogen equilibrium, or less,  results in an impartial division of the 
dietary protein for the satisfaction of these two functions; the general 
nitrogen requirements of the organism as a whole, and serum protein 
formation (4).  These facts indicate that serum protein regeneration 
is a  particular phase of the general nitrogen metabolism, related to 
protein metabolism as a  whole, and not a process with a peculiarly 
specific need to be met by certain particular proteins. 
In the course of another investigation (1)  we have obtained some 
experimental evidence indicating that the dog, subsisting on artificial 
synthetic diets and subjected to prolonged  plasmapheresis, may suffer 
an impairment in its ability to regenerate serum protein.  For example 
dog 3 under such experimental conditions was able to produce serum 
protein at only one-half the rate shown in the first and true biological 
assay of casein, although the protein diet and caloric intake remained 
unchanged.  This inability of the animal to regenerate serum protein 
satisfactorily could not be attributed  to  the dog having previously 
been malnourished with the result that the dietary protein would be 
utilized mainly in the replenishment of wasted tissues, if body weight 
values can be considered as criteria.  Indeed, taking the ideal nutritive 
index as a basis of reference, the animal was decidedly overweight and 914  DIET  AND  REGENERATION  OF  SERUM  PROTEIN.  II 
apparently  in  very good health  at the  beginning  of and  throughout 
the  study.  Furthermore,  it  should  be remembered  that  the  casein 
increment  diet fed to  the  dog contained  a  surplus  of protein  to  the 
extent of approximately 41 per cent above the minimum required for 
nitrogen  equilibrium•  It  is  on  account  of  these  observations  that 
we have emphasized giving the animals  adequate rest periods subse- 
quent to each of the biological assays.  These later experiments with 
dog 3  together  with  the hypothetical evidence suggested by Bloom- 
field (17) and Weech and his associates (9) indicate that, even though 
the protein intake may be more than sufficient for the general nitrogen 
requirements, the serum protein regenerating capacity of the organism 
may fail to function to such an extent that dietary factors are no longer 
of  distinct  benefit  in  correcting  conditions  of  hypoproteinemia.  It 
would seem that in such an individual dietary protein is adequate for 
the general nitrogen  requirements of the organism but the metabolic 
conversion of the tissue protein into  serum protein  does not operate 
satisfactorily.  This suggests that the adequate approach to the prob- 
lem of hypoproteinemia lies not so much in the evaluation of dietary 
factors but, as has been suggested (9), in finding a way for stimulating 
internally  the  serum  protein  regenerating  mechanism,  which  seems 
to involve in some way the capacity of the tissues to furnish protein 
for the needs of the plasma•  At present we are actively investigating 
this problem. 
In a recent paper, Whipple and associates (14)  ~  state that: 
"In an emergency the plasma protein may contribute to body protein but the current 
will not flow easily in the opposite direction and the body proteins may be said to stand by 
helpless to aid while vital plasma proteins are depleted even to a lethal point  ....  Evidently 
in this emergency the plasma protein is very largely if not wholly dependent on materials 
coming in from the gastro-intestinal tract." 
The evidence (14, 15) for this hypothesis is based upon the inability of their dogs, 
subjected  to plasmapheresis, to regenerate  serum protein  adequately  during  a 
fasting r6gime.  However, these investigators fail to consider that the products of 
tissue protein  catabolism in these animals are utilized to a  considerable extent 
simply to furnish energy, so that a limited formation of new serum protein under 
such circumstances is indeed not surprising.  Some  of their dogs did receive dex- 
trose orally but the amounts so administered furnished each day only 21 to 24 
calories per kilo of body weight with the result that the caloric requirements were 
5 Pommerenke, Slavin, Kariher and Whipple (14), page 279. D.  M-El,NICK, O.  R.  COWGILL, AND  ]L  BURACK  915 
far from satisfied,  as evidenced by the pronounced losses in body weight.  On 
purely theoretical grounds their hypothesis hardly seems tenable, for it must also 
involve the assumption that the ingestion  of dog tissue by the dog subjected to 
plasmapheresis  should result in no appreciable formation of new serum protein, 
assuming that protein catabolism, as well as protein digestion, results in the libera- 
tion of amino acids (18). 
From the evidence obtained in the present work, a  hypothesis is 
presented explaining the mechanism by which serum protein formation 
takes place.  This is best illustrated by the following diagram: 
Dietary 
protein 
J  \ 
Tissue~-~/"  x'~  Serum 
protein<-  protein 
It  has  already been  suggested that  serum protein  regeneration is 
intimately linked with  the general nitrogen metabolism of  the or- 
ganism.  The relationship set forth in the diagram does not postulate 
the necessity of serum protein formation as an intermediary product 
in the construction of tissue protein.  The assays of the three proteins, 
casein, lactalbumin and serum protein, differing with respect to their 
amino acid composition, indicated comparable potencies in promoting 
the regeneration of serum protein.  This suggests that the absorbed 
end-products of protein digestion are not necessarily utilized directly 
in the formation of this blood protein, for otherwise only those pro- 
teins the chemical compositions of which show the closest resemblance 
to that of circulating serum protein should be decidedly beneficial for 
this function.  If this were true, one should expect the potency ratios 
to vary accordingly over a wide range, which is not the case in the 
present  study.  Therefore,  two mechanisms suggest themselves  as 
being responsible for serum protein formation: (a)  dietary  protein 
may be utilized directly to form tissue protein which then may  be 
transformed into serum protein, or (b) the absorbed end-products of 
protein digestion may be carried to some specific organ,  the  liver, 
for example, and there receive supplementation for any amino acid 
deficiencies directly by  tissue protein catabolites.  Mechanism  (a) 
suggests a common source of serum protein within the body and that 916  DIET AND REGENERATION OP SERU~ PI~OTEIN.  II 
this is responsible for the comparable values obtained.  Mechanism 
(b)  postulates  varying degrees of protein  catabolism  to  correspond 
with the extent of similarity in amino acid composition between the 
dietary proteins and the circulating serum protein.  It is theoretically 
possible  that  both mechanisms may be in operation in the normal 
organism.  In  either  case  tissue  protein  catabolism  appears  to  be 
essential in part, if not wholly, in serum protein formation. 
If dietary protein is converted exclusively to serum protein, and if 
this complex subsequently is solely responsible for the formation of 
tissue protein, then the protein which is most potent for serum protein 
regeneration should also be of highest biological value with respect 
to its ability in satisfying the general nitrogen requirements of the 
organism.  However, experimental findings  (1)  have indicated con- 
clusively that lactalbumin is superior to serum protein in the attain- 
ment of nitrogen equilibrium, and yet this milk protein is, if anything, 
slightly inferior in promoting the regeneration of the blood protein. 
Reasoning in a similar manner, if the dietary protein is converted first 
to tissue protein, then those proteins which are most efficient in satis- 
fying the nitrogen demands of  the body should be most potent in 
promoting the regeneration of serum protein.  The fact that the re- 
spective potency ratios do not vary directly with the values obtained 
from  the  protein minima studies indicates  that  serum protein  can 
be formed in part from some other source, namely, the absorbed end- 
products of protein digestion after supplementation with tissue pro- 
tein catabolites. 
If our interpretations are  correct,  emphasizing the r61e of  tissue 
protein catabolism in serum protein regeneration, then the amino acid 
composition of the serum protein samples, the normal, the reserve, the 
basal  and  those  regenerated under  the  favorable  dietary  r6gimes, 
should be essentially the same.  ~  If these samples are quite different, 
then the hypothesis must be rejected. 
It has been shown repeatedly with dogs 3, 4 and 4-4 that tissue 
protein catabolism can be entirely responsible for serum protein regen- 
eration; these animals, although subsisting on a high caloric prot, in-free 
diet, were able to regenerate each week approximately 20 to 30 per 
e These determinations  are being carried out as part of another study in col- 
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cent of the serum protein normally present in the plasma.  Further- 
more, the inhibitory role of the protein-free diet with respect to serum 
protein regeneration, as evidenced in the study with dog 5, was shown 
to be due to its effect in reducing tissue protein catabolism to a mini- 
mum.  When the animal was allowed to fast, there was, after a slight 
delay, a  progressive rise in the serum protein concentration until the 
normal value was approximated.  In other words, during the ingestion 
of a  protein-free  diet or  a  fasting  r~gime,  in  the  course  of  which 
there can be obviously no influx of amino acids or simple polypeptides 
from food in  the  gastro-intestinal  tract,  serum protein  regeneration 
occurs solely from the  products of tissue protein  catabolism.  With 
the ingestion  of dietary protein,  the  amino  acid deficiencies may be 
supplemented  directly by tissue protein  catabolites,  resulting  in  the 
formation of the blood protein.  Only when the animal is subsisting 
on an adequate diet with serum protein as the only protein in the diet 
can we visualize  the  formation  of the blood protein  occurring  inde- 
pendent  of tissue protein  catabolism. 
The experiments of Osborne and Mendel (19), showing maintenance and fer- 
tility in rats fed a diet containing gliadin as its "sole source of protein," might also 
be interpreted as indicating a supplementary action between dietary and bodypro- 
tein.  The increase in weight of the young showed conclusively that they were 
nourished  satisfactorily  by the mother  during  the  1st month of existence.  Of 
particular  interest  is the observation that these lactating  mothers, even though 
subsisting on the gliadin diet, could still synthesize casein and lactalbumin in their 
milk; this was probably due in part to the supplementary action of body protein, 
as evidenced by marked losses in body weight.  A similar interpretation  may be 
applied to the findings of Smith and Moise (20), who observed satisfactory repair 
of injured hepatic tissue in rats fed diets in which the deficient proteins, gliadin 
and gelatin, constituted practically the only source of protein. 
Finally,  the  inability  of  dog  3  to  regenerate  serum  protein  ade- 
quately during the second casein assay also harmonizes with the con- 
cept that  tissue protein  formation  may proceed independent  of any 
intermediary formation of serum protein.  This animal, fed the same 
protein  diet  at the same caloric level, exhibited  a  persistent  gain in 
body weight.  The initial weight at the beginning of the second assay 
of the protein was 18.0 kilos; the final weight,  18.9 kilos; the optimal 
weight of this animal to correspond with a nutritive index of 0.30 was 
only 16.7  kilos.  However, in spite of this favorable dietary r~gime, 918  DIET  AND  I°,JBGENERATION  OF  SERUM  PROTEIN.  II 
the  animal was  not  able  to  regenerate  serum protein  adequately. 
Evidently the metabolic conversion of the products of protein diges- 
tion to tissue protein was not altered because the animal gained in 
weight;  apparently  some  other  important  factor  failed  to  operate 
which might well be the supplementary effect of the tissue protein on 
dietary protein.  To test this interpretation by conducting nitrogen 
balance studies on dogs subjected to plasmapheresis would be prac- 
tically impossible at the present time due to inability to control satis- 
factorily the globin variable: any urinary nitrogen values obtained 
would also  include the  nitrogen resulting from metabolized hemo- 
globin.  Therefore, data obtained from such nitrogen balance studies 
would have to be considered with caution and would not warrant any 
satisfactory conclusions. 
In the diagram illustrating our ideas of the mechanisms responsible 
for serum protein formation an equilibrium between tissue and serum 
protein is indicated.  No attempt was made in the present study to 
obtain evidence for the conversion of the blood protein to tissue pro- 
tein.  However, Whipple and his associates (21) have reported that 
dogs receiving only sugar by mouth can be maintained practically in 
nitrogen equilibrium by the intravenous injections of suitable amounts 
of plasma, an observation which supports such a conversion. 
S UMM ARY 
1.  By the technique of quantitative plasmapheresis the effects of 
single proteins in artificial synthetic diets were studied with respect 
to their value in promoting the regeneration of serum protein. 
2.  The ratio of (a) the amount of serum protein per week removed by 
bleeding above that regenerated by the dog when eating the protein- 
free diet, to (b) the dietary protein increment (i.e.,  above that required 
for nitrogen equilibrium) was termed the potency ratio.  The results 
indicated that serum protein was slightly superior to casein and lactal- 
bumin in promoting the regeneration of serum protein.  However, 
the  respective potency ratios,  varying from approximately 0.51 to 
0.35, were comparable and not widely divergent as those reported by 
others.  It was concluded that, whereas in some individuals dietary 
proteins may be able to produce a  significant increase in the serum 
protein concentration, the potency ratios are not sufficiently different D. M_ELNICK,  G. R.  COWGILL,  AND  E. BURACK  919 
to  warrant  the  administration  of any one protein  in  preference to 
another. 
3.  The inhibitory effect of the basal protein-free diet with respect 
to serum protein regeneration in the dog was also demonstrated by 
the inability of the protein concentration to  attain the normal level 
in  spite  of  discontinued  plasmapheresis.  However,  a  subsequent 
fasting period resulted in a progressive rise in the serum protein con- 
centration until the normal value was approximated.  These observa- 
tions are interpreted as indicating that the products of tissue protein 
catabolism  can be  utilized in  the  formation of new serum protein. 
4.  The experimental production of what seems to be an inhibition 
of the  serum protein regenerating mechanism was described.  This 
observation  together  with  the  hypothetical  evidence presented  by 
Bloomfield (17)  and Weech and his associates  (9)  suggests that the 
most profitable line of approach to solution of the problem of hypo- 
proteinemia lies not so much in the evaluation of dietary factors but 
in finding a way for stimulating internally the serum protein regener- 
ating mechanism, which seems to involve in some manner the capacity 
of the tissue to furnish protein for the needs of the plasma. 
5.  A  hypothesis explaining the mechanisms responsible for serum 
protein formation was presented and the experimental support forit 
discussed.  The r61e of tissue protein catabolism in this function was 
emphasized. 
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